Introduction
A new glycosaminoglycan, fucose-containing glycosaminoglycan (FGAG), was isolated from the body wall of a sea cucumber, Stichopus japonicus, and a depolymerized holothurian (holothurian means sea cucumber) glycosaminoglycan (DHG) was obtained by the oxidative depolymerization of FGAG with hydrogen peroxide. 1 These new glycosaminoglycans have been known to show heparin-like anticoagulant activity. The inhibition mechanism of DHG was clarified, and DHG was expected to be a promising antithrombotic agent with a quite different anticoagulant property from that of unfractionated heparin and low molecularmass-heparin (LMMH). 2, 3 As shown in Fig. 1 , DHG has a unique structure of a highly-sulfated chondroitin analogue. It was found that the three types of fucose were all linked to the C-3 position of glucuronic acid of the chondroitin chain. 1 Recently, we have reported that FGAG and DHG are useful as chiral selectors for separating drug enantiomers by capillary electrophoresis. The influence of the molecular mass of the new glycosaminoglycan on separation of drug enantiomers is also discussed. 4, 5 Thus, it is important to clarify the molecular masses of DHG and FGAG and their distributions. The method so far employed for determining the molecular mass of a biopolymer and its distribution includes a physicochemical technique, 6, 7 high-performance gel permeation chromatography (HPGPC) [8] [9] [10] [11] [12] [13] and gel electrophoresis. [14] [15] [16] [17] Among those, HPGPC combined with low-angle laser light-scattering (LALLS) detection was a convenient and reliable technique for determining the molecular mass of a biopolymer and its distribution. [18] [19] [20] Recently, Komatsu et al. applied HPGPC-LALLS for determining the molecular mass of LMMH. 21 They have reported that a wide collection angle measurement of light scattering allows the application of the HPGPC-LALLS method to a very small biopolymer of molecular mass of <10000.
In this study, we determined the molecular masses of DHG and FGAG as well as their distributions by HPGPC-LALLS, and applied the method to specifying the molecular mass of DHG, an antithrombotic agent, and its distribution.
Experimental

Materials
FGAG and DHG were obtained as previously reported. 1 Pullulans P-5 (molecular mass, 5800), P-10 (molecular mass, 12200), P-20 (molecular mass, 23700), P-50 (molecular mass, 48000) and P-100 (molecular mass, 100000) were obtained from Showa Denko (Tokyo, Japan). Water for injection (Otsuka Pharmaceutical, Tokushima, Japan) was used for preparing a sample solution. Other reagents used were of analytical reagent grade.
Chromatographic conditions HPGPC-LALLS analysis. HPGPC-LALLS was performed with a Tosoh HPLC system (8010 series) equipped with an LALLS photometer (Tosoh Model LS 8000), which can accommodate a precision differential refractive index (RI) detector (Tosoh Model RI-8011) in a single body. The light source of the LALSS photometer was a 5-mW helium-neon laser with a wavelength of 633 nm. A circular light slit with an aperture (θcol = 2˚) wider than the conventional one (θcol = 1˚) was used. 21 A Tosoh TSK gel PWXL guard column (40 mm × 6 mm i.d.) (Tosoh, Tokyo, Japan) and two Tosoh TSK gel G3000 PWXL columns (300 mm × 7.8 mm i.d.) (Tosoh, Tokyo, Japan) were used for HPGPC. All of the columns were thermostated at 40˚C using a column oven. 045, Sumitomo Electric, Tokyo, Japan) was connected between the column and the LALLS photometer.
As an eluent 200 mM phosphate buffer (pH 6.8) was used. The eluent was filtered through a 0.2-µm membrane filter (Japan Millipore, Tokyo, Japan) and degassed with a Sharp were corrected for the water content. The molecular mass, molecular mass distribution, weight-average molecular mass (Mw) and number-average molecular mass (Mn) of DHG or FGAG were calculated using a program, Chromato Data Processor Ver. 2.03, supplied by Tosoh (Tokyo, Japan). HPGPC-RI analysis. HPGPC-RI was performed with a Tosoh HPLC system (8010 series) equipped with an RI detector (Tosoh Model RI-8011). All other conditions were as in the HPGPC-LALLS analysis.
Results and Discussion
Molecular mass of the DHG standard for HPGPC-LALLS
When the sample concentration and light-scattering angle are too small, the outputs of the LALLS and RI detectors are related to the molecular mass (Mt) of the sample at the retention time (t) according to the following equation: 21 
= k1·
· Mt (1) where (LALLS)t and (RI)t are the LALLS and RI detector outputs, RIareaSTD and CSTD are the area on the RI chromatogram and the molar concentration of a standard substance, RIareaSMP and CSMP are those of a sample, and k1 is a constant which is dependent on the apparatus. In this study, a DHG standard, which is isolated from DHG with HPGPC, was used as a standard for determining k1. From Eq. (1), we can estimate the molecular mass of DHG or FGAG and its distribution. The molecular mass of the DHG standard is summarized in Table 1 , where Pullulan P-10, P-20 or P-50 is used as a standard compound. The molecular mass of the DHG standard was independent of the standard compound used, and was determined to be 11970 ± 340 [mean ± standard deviation (S.D.) (n = 9)]. Since the ratio of Mw to Mn (Mw/Mn) of this standard was 1.000, it was suggested to be monodispersed.
Measurements of the molecular masses of DHG and FGAG
HPGPC-RI has been used to assess the molecular mass of mucopolysaccharides, such as heparin, using other polymers as calibration standards. 10, 21 However, satisfactory results were not obtained because of the highly negative charge of heparin. Therefore, in this study, the molecular masses of DHG and FGAG were determined by HPGPC-LALLS.
The molecular masses of DHG and FGAG determined by
HPGPC-RI and HPGPC-LALLS are summarized in Table 2 , where Pullulans P-5, P-10, P-20, P-50 and P-100 are used as the calibration standards for HPGPC-RI, and the DHG standard (molecular mass, 11970) is used for HPGPC-LALLS. The molecular masses of DHG and FGAG were estimated to be about 14000 and 59000 by HPGPC-LALLS, respectively. Further, the DHG molecular mass ranged from 13300 to 14200. Though the molecular mass of DHG obtained with HPGPC-LALLS was smaller than that obtained with HPGPC-RI, the correlation between both methods was good (r = 0.956). On the other hand, there is a large difference in the molecular mass of FGAG obtained with both methods. The HPGPC-RI calibration curve was not linear, and Pullulan, which is a non-charged polysaccharide, was used for the calibration standard. Thus, it was supposed that the molecular mass obtained by the HPGPC-LALLS could be accurate.
Measurements of the molecular mass distributions of DHG and FGAG
It is important to clarify the molecular mass distributions of DHG and FGAG together with the molecular masses. The molecular mass distributions of DHG and FGAG were determined by HPGPC-LALLS.
The molecular mass distribution of DHG and the ratio of Mw to Mn (Mw/Mn) for DHG or FGAG are summarized in Table 3 .
The chromatograms of DHG and FGAG, and the calibration curves for the molecular mass distributions of DHG and FGAG are shown in Figs. 2 and 3 . The calibration curve for the distribution of DHG shows a good correlation between the logarithmic molecular mass and the retention time. The molecular mass distribution (>90%) of DHG was 8000 -25000. Though a sufficient calibration curve was not obtained for FGAG, as shown in Fig. 3 , the molecular mass distribution (>90%) of FGAG was estimated to be 50000 -65000. In addition, there was no difference in the molecular mass distribution among DHG batches, as shown in Table 3 . The ratio of Mw to Mn (Mw/Mn), which is an index of uniformity, for DHG or FGAG was 1.10 and 1.03. These results suggest that FGAG and DHG were nearly monodispersed.
Specification of the molecular mass of DHG and its distribution
The HPGPC-LALLS method was applied to the specification testing of DHG. The results are summarized in Table 4 . The molecular mass of DHG, which was in the range 12500 -15500, was 13780 ± 790 [mean ± S.D. (n = 8)]. In addition, the molecular mass distributions (>90%) of 8- the ranges 8000 -25000. These obtained results suggest that the manufacturing process of DHG was well controlled.
In conclusion, the molecular masses of DHG and FGAG were estimated to be about 14000 and 59000, respectively, and their distributions (>90%) were 8000 -25000 and 50000 -65000, respectively, by HPGPC-LALLS. Further, it was found that the HPGPC-LALLS method was useful for determining the molecular masses of DHG and FGAG, and their distributions, and that FGAG and DHG were nearly monodispersed.
